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INTRODUCTION 
Microsporidia, as parasites, are widely distributed throughout the 
animal kingdom, with hosts ranging from other protozoans to the lower 
chordates. According to Kudo (1966), however, most are parasites of 
arthropods and the fishes. Insect hosts of microsporidia include mem­
bers of the orders Isoptera, Neuroptera, Ephemeroptera, Qdonata, Plecop-
tera, Hemiptera, Coleoptera, Trichoptera, Lepidoptera, Diptera, Hymenop-
tera, and Siphonaptera (Thomson, I960). 
Their occurrence in mosquitoes, known since the early 1900's, has 
stimulated interest in the possible use of microsporidia in the biological 
control of these insects. The investigations to date have helped to form 
a foundation toward this goal; however, use of microsporidia as mosquito 
control agents is far from being a reality and the idea is still largely 
conjectural. 
The potential of microsporidia in applied mosquito control requires 
further definition. To this end, an attempt was made to determine if 
certain environmental factors were associated with or responsible for 
the degree of microsporidian infestations in mosquito larva populations, 
if a certain condition, or set of conditions, was found to influence 
the occurrence of microsporidia, then manipulation of such a factor 
might enhance their natural effectiveness. This might be accomplished 
easily or might be so difficult as to be impractical. But, these factors 
or conditions must be known so that our understanding of the relation­
ship between these parasites and their mosquito hosts is increased and 
additional insights are gained into the potential use of microsporidia 
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for mosquito control. 
A more feasible technique, perhaps, for their utilization is to 
add microsporidian spores to mosquito pools by spray application or 
simply by pouring into the water an aqueous suspension of the spores. 
The larvae would then be exposed to a higher-than-normal spore concen­
tration, the likelihood of ingesting them would be increased, and, hope­
fully, an epizootic infection would occur within the pool. However, 
for this to become a reality, mass production of the spores must be ac­
complished and the conditions which cause them to become infective must 
be known. At the present time, induced laboratory infections of mosquito 
larvae with microsporidia have been rare. Information obtained from a 
study of the environmental factors associated with natural infections 
might also provide a clue for achieving these goals. 
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LITERATURE REVIEW 
General Description of Microsporidia 
Taxonomy 
The order Microsporida is one of four placed by Kudo (1966) in the 
class Cnidosporida of the phylum Protozoa. There are two suborders: 
Monocnidina, in which the mature spores occur singly; and Dicnidina, in 
which they occur in pairs to form diplospores. Suborder Monocnidina 
contains three families: Nosematidae, Coccosporidae, and Mrazekiidae. 
The suborder Dicnidina is composed of one family, Telomyxidae. Classifi­
cation at the family and generic levels is also based on characteristics 
of the spores. For example, members of the family Nosematidae produce 
oval spores, whereas in the Mrazekiidae they are tubular. In the Coc­
cosporidae the spores are either tubular, arched, or S-shaped (Kudo, 1966). 
Occurrence in mosquitoes 
Jenkins (1964) listed the following genera as occurring in mosquito 
larvae: Nosema, Glugea, Thelohania, Stempellia, and Plistophora of 
family Nosematidae; Octosporea, Toxoglugea, and Corethra of family 
Mrazekiidae. The number of species in each genus described from mosquitoes 
and the number of mosquito species parasitized is given in Table 1. 
Spore structure 
Internal structure of the spores is the same in all families (Kudo, 
1966). The spore consists of a sporoplasm containing one c two nuclei, 
a polar filament of varying lengths coiled inside the spore, a spherical 
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Table 1. Number of microsporidian species described from mosquitoes 
and number of mosquito species parasitized 
Microsporidian No. of species No. of mosquito 
genus in mosquitoes species parasitized 
Octosporea 1 1 
Corethra 1 1 
Toxoglugea 1 1 
Glugea 2 2 
Plistophora 6 12 
Stempellia 1 2 
Nosema 5 8 
Thelohania 19 37 
^Based on data from Jenkins (1964) . 
or irregularly shaped polar body, and a solid, strong, continuous spore 
membrane. The polar filament consists of a slender, hollow tube which 
may be as long as 400 microns. This filament is fastened to a small 
opening in the spore and is inverted during extrusion. The opening in 
the spore membrane is plugged by a polysaccharide cap. Spore sizes vary 
with the microsporidian species. Most, however, are less than 10 
microns in length. 
Syndromes of Microsporidian Infections 
Appearance of diseased larvae 
In general, recognition of microsporidian infections is facilitated 
by the white, opaque appearance of diseased larvae, a condition which 
is caused by masses of accumulated spores. Welch (1960) could recognize 
infected fourth-instar larvae of Aedes communis by the presence of 
"creamy-white colored masses" in the thorax and abdomen. These were 
infected fat-body lobes that were packed with various stages of the 
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parasite. Light infections were apparent only in the fat body at the 
posterior region of the thorax and in the anterior segments of the ab­
domen. These infections were seen only by careful examination of the 
ventral surface of the larvae. In heavily parasitized larvae every 
segment of the thorax and abdomen was infected. Such infections were 
detectable even in a cursory examination. The larvae had a swollen 
appearance and the leg buds that are easily seen in healthy fourth-
instars were undeveloped. Lightly infected larvae were less active 
than healthy ones, and the heavily infected larvae were sluggish. In 
the laboratory, heavily infected larvae did not pupate and eventually 
died. The larvae with lighter infections pupated and adults emerged, 
but the pupal period took one or two days longer than usual. 
Microsporidian infections usually do not become manifested until 
at least the third-instar. Kellen (1962) observed that larvae of most 
mosquitoes infected with Thelohania spp. did not appear diseased until 
late in the third larval stadium, when small, opaque spots usually be­
came evident. Areas of apparent infection enlarged as the host matured. 
This was indicative of increased spore production. Laboratory observa­
tions suggested that these larvae frequently developed normally until 
the fourth larval stadium. Mature larvae had areas of infection which 
were usually fairly large. Diseased individuals were unable to pupate 
normally and continued to survive for an abnormally long time as fourth-
instars while the number of spores within the tissues continued to in­
crease. Some infected Culex tarsal is survived for two weeks as fourth-
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instars compared to a normal duration at this temperature of approxi­
mately one to two days. 
Cause of death 
Mortality from microsporidia is most often caused by massive in­
fections which result in degradation of the fat-body. The energy needed 
at the time of formation of the adult organs is not present and the 
larvae die as fourth-ins tars or as incomplete pupae. Infections that 
would have otherwise been sub-lethal may place enough stress on the 
larvae so that secondary infections from intestinal bacteria or from 
latent polyhedral viruses occur and are the cause of death (Weiser, 
1963). 
Transmission of Infections 
Ingestion of spores 
It is likely that ingestion of spores has a role in transmitting 
microsporidian infections in mosquitoes. There are only a few reports 
that confirm this, however. Kudo (1925) fed pieces of Culex restuans 
larvae (reported as Culex territans) infected with Stempellia magna to 
20 non-infected larvae. At intervals of 6, 24, 40, 48, and 96 hours 
after initiation of feeding, smears of mid-gut contents and sections of 
whole larvae were made. A progression in development from spores to 
more advanced stages was noted, thus indicating the start of a new in­
fection. In a more recent test, Kellen and Lipa (1960) were able to 
produce infected Culex tarsalis larvae by placing eggs from a healthy 
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colony into water and soil taken from a pond known to contain micro-
sporidia. Exposing early instar larvae to fresh spores was unsuccess­
ful, but when the spores were dried and subsequently rehydrated, eight 
of 13 larvae became infected. This indicates that drying the spores is 
a condition that causes them to be infective. 
The probable life cycle for microsporidia, assuming transmission 
via ingestion of spores, is as follows (Kellen, 1962); 
After spores enter the mid-gut of the host, digestive enzymes dis­
solve the polysaccharide cap. The polar filament is extruded and pene­
trates the mid-gut epithelium. The sporoplasm passes through the fila­
ment, enters the hemolymph, and is carried to different regions of the 
host's body where it invades the tissue of a suitable organ (usually fat 
body, the ovaries, or oenocytes) and forms the schizont. The schizont 
lives intracellularly and grows at the expense of the cell. When growth 
reaches a certain point, the schizont undergoes multiple binary fission, 
a process which occurs rapidly and which greatly increases the number 
of individuals attacking the host. 
Sporulation eventually occurs and, depending on the genus, spores 
are formed either individually or within groups of 2. 4, 8, or 16 or 
more per sporont. In Glugea, two spores are formed per sporont; in 
Thelohania, eight; in Plistophora, more than 16, and; in Stempellia, a 
variable number of spores, never more than eight, are produced per 
sporont. 
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Transovarian transmission 
Transovarian passage of microsporidia infections in mosquitoes has 
been observed by Kellen and Wills (1962b),Kellen et al. (1965), Kudo 
(1962), and by Wills and Beaudoin (1965). Evidence for this has been 
in finding infected larvae which had been laboratory-reared from egg 
rafts in clean water. These investigators also found schizonts in 
mosquito eggs. Kellen and Wills (1962a)reported that Culex tarsalis 
larvae with lethal infections of Thelohania californica were usually 
males. Of 2 99 adults reared from a collection, 97% were females and 
only 3% were males. Eggs from these females were examined and nearly 
all contained from one to 50 mono- and binucleate schizonts. The female 
mosquitoes were somehow able to suppress the sporogonic cycle of the 
parasite, and survived with no apparent ill effects from the infestations. 
Larvae that died in the second generation were also nearly all males and, 
as before, massive accumulations of spores and sporonts were present. 
Some of the surviving female larvae and resultant adults were examined 
microscopically and were found to contain both mono- and binucleate 
schizonts. No sporogonic stages were observed in the females. 
In addition to the relationship described above between Culex 
tarsalis and Thelohania californica, Kellen et £l. (1965) reported three 
additional host-parasite relationships between other mosquitoes and 
microsporidia. The four relationships were designated Types I, II, III, 
and IV. Type I (sporogony occurring only in males, and the females 
passing the infections transovarially) was also found to exist between 
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Thelohania and Culex erythrothorax, Aedes squamiger, A. cataphylla, 
A. hexodontus, and A. increpitus. In Type II, sporogony took place in 
both sexes, but most individuals with lethal infections were males. This 
relationship was observed in Aedes melanimon and Culex apicalis. With 
a Type III relationship, sporogony occurred in both sexes and the in­
fections were usually fatal. Some females survived and were able to 
transmit the infections transovarially. This type was observed in 
Culex thriambus, Aedes dorsalis, Culiseta incidens, Culiseta inornata and 
Culiseta particeps. Sporogony occurred in both sexes in Type IV, but 
areas of infection were small and did not interfere with normal develop­
ment or adult survival. This relationship was observed in Culex 
apicalis only. 
Examples of these four host-parasite relationships were also found 
in Louisiana between Thelohania and 14 mosquito species, indicating 
that their existence may be universal (Chapman et al., 1966). The 
mosquitoes associated with each type in Louisiana were: 
Type I Culex salinarius, Aedes grossbecki, Aedes sticticus 
Type II Anopheles bradleyi, Anopheles crucians, Anopheles 
punctipennis, Anopheles quadrimaculatus 
Type III Culiseta inornata, Aedes canadensis, Aedes sollicitans, 
Aedes taeniorhynchus, Culex territans, Psorophora 
confinnis 
Type IV Culex territans 
It is noteworthy that Culiseta inornata was involved in a Type III 
relationship in both California and Louisiana. 
Kellen et al. (1965) concluded that transovarial transmission was 
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the major route for infection in Types I and II, and that ingestion of 
spores was more important in Type III. The relative roles of these two 
methods for re-infection was not known for the Type IV relationship. 
Levels of natural infections 
Microsporidian infections in the field generally exist at a low 
level of incidence. Rates of infection reported by Jenkins (1964) and 
by Kellen et (1965), Wills and Beaudoin (1965), Kellen et al. (1966), 
and Anderson (1968) averaged 10% and ranged from one to 80%. Two-thirds 
of the infection levels were less than 10%. The percentage of pools 
sampled that contained infected larvae usually was not given. Welch 
(1960), however, indicated that 68% of the pools sampled were found to 
contain infected mosquito larvae and that the average infection per pool 
was 5.5% and ranged from 0.5% to 13.7%. 
Quantitative measurements of the larva habitats as they may relate 
to the incidence of microsporidian infections are lacking. Most of the 
reports indicated the type of pool from which infected larvae were col­
lected (see Appendix A), but no attempts were made to correlate chemical 
and physical factors associated with the pools to the occurrence of 
microsporidia. However, the information that does exist may be helpful 
in interpreting the data from the present investigation and, if so, will 
be incorporated into a discussion of the results. 
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METHODS AND MATERIALS 
Measurement of Environmental Factors 
The chemical and physical factors measured in this study were 
pH, temperature, dissolved oxygen, carbon dioxide, salinity, water 
depth, and nitrite content. Carbon dioxide and dissolved oxygen analyses 
were made using a Model CA-10 water analysis kit (Hach Chemical Company, 
Ames, Iowa). A Hach Model NI-3 kit was used for the nitrite measure­
ments. Conductivity readings to determine parts per million (ppm) 
salinity were taken with a Model RC-16B2 conductivity bridge (Indus­
trial Instruments, Inc., Cedar Grove, New Jersey). Values obtained from 
this instrument were in conductivity units of millimhos per centimeter 
and were converted to ppm salinity in the manner described by Knight 
(1965). A portable pH meter (Model 100, Analytical Measurements, Inc., 
Chatham, New Jersey) was used to measure pH. Water temperatures were 
determined with a general-laboratory, mercury thermometer. Depth 
measurements were estimated by sight. 
All readings, except salinity, were taken at the collection sites. 
When the conductivity measurements were made in the laboratory, tem­
peratures of the water samples were also recorded. The conductivity 
readings were later adjusted to values corresponding to a water tempera­
ture of 2 5°C. A curve drawn from the data in Table 2 was used to de­
termine the correction factors. The correction coefficient was divided 
into the conductivity reading to yield the value it would have had at 
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Table 2. Correction coefficients used in standardizing conductivity 
readings at 25°C^ 
Temperature of water sample 
(°C) 
Correction coefficient 
0 0.63 
10 0.75 
20 0.90 
25 o
 
o
 
30 1-09 
40 1.30 
50 1.53 
^Sperry, Elmer. Industrial Instruments, Inc., Cedar Grove, New 
Jersey. Conductivity standardization. Private communication. 1969. 
Larva Collection Sources 
The mosquito larvae were collected from a variety of habitats 
which included both temporary and permanent pools. However, the largest 
number of collections was made from roadside temporary pools. It was 
from these pools that infected Culex tarsalis and Culex restuans larvae 
were initially taken. There was a large number of these pools along 
country roadsides after rainfalls totaling several inches had occurred 
during a period of many days. If the pools persisted long enough, they 
became oviposition sites for Culex mosquitoes. The abundance and 
accessibility of these habitats allowed a large number of collections 
to be made within a relatively short time period. 
Other sources for mosquitoes included permanent and temporary 
woodland pools, permanent pools along roadsides (usually formed at the 
ends of culverts), oxidation lagoons at the Ames, Iowa, sewage treatment 
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plant, and discarded, automobile tires (good sources for Culex restuans 
larvae). Nearly all collections were made within a 15-mile radius of 
Ames, Iowa. 
Sampling Procedure 
The larvae were collected with a white-enameled dipper anc trans­
ported to the laboratory in 32-ounce, glass jars. They were transferred 
to white-enameled trays, 12.75 x 7.75 x 2.125 inches, and held in a 
constant temperature cabinet at 80°F with a photoperiod of 14 hours light 
and 10 hours darkness. Finely ground dog biscuit (Milk-Bon^, National 
Biscuit Company) was occasionally added to the trays to provide nourish­
ment. The trays were covered with glass plates, 13.0 x 9.0 x 0.125 inches, 
to retard evaporation. 
Daily examination of the trays was made to check for the presence 
of dead larvae or pupae. When found, they were removed for slide 
preparation and subsequent microscopic examination. 
Slide Preparation and Microscopic Examination 
The dead larvae and pupae were préparée for examination by smear­
ing the cadavers on clean microscope slides and allowing them to air dry. 
The smears were then fixed in absolute methanol for five to ten minutes, 
allowed to air dry, and stained with a 10% Giemsa solution for 15 to 30 
minutes. Excess stain was removed by washing the slides in cold, run­
ning tap water for one minute. The stained smears were then covered 
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with a resinous mounting medium (Permounè^, Fisher Scientific Company) 
and covered with a No. 1 glass coverslip. 
The spores could be detected when abundant with a magnification of 
only lOQX. Examination at 43OX or higher was necessary when only a few 
spores were present. With a well-stained slide, the nucleus of the 
sporoplasm was always a bright crimson and the cytoplasm a deep blue. 
Spore Size Determinations 
Spore sizes were measured to aid in identifying the micrcsporidia. 
Only stained preparations were examined. With Culex restuans, 10 spores 
from one larva per collection were measured. For Culex tarsal is, Culex 
salinarius, and Culiseta inornata, 10 spores/larva/collection (to a 
maximum of five larvae/collection) were measured. A Zeiss Ultraphot 
compound microscope equipped with an oil immersion lens was used for 
this purpose. From these measurements, the mean and standard error 
of the spores from each collection were determined. 
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RESULTS 
Sources of Infected Larvae 
Culex tarsalis, C. restuans, C. salinarius, and Culiseta inornata 
were the only mosquitoes found to be parasitized by microsporidia in 
this study. A list of the sources from which infected larvae were ob­
tained is given in Table 3. A similar list indicating the collections 
which apparently did not contain infected larvae of these species is 
given in Table 4. The capitalized letters placed after most of the 
sources listed in these two tables are for the purpose of distinguish­
ing any one pool from the others. In Table 4, the sources marked with 
an asterisk indicate those which contained at least 10 larvae of any 
one mosquito species. This was selected as the minimum number in order 
for a pod to be considered negative for microsporidia. With the in­
cidence of microsporidia in mosquito larva populations so low, the chance 
of getting a diseased larva from a truly-infected population is slight 
in a sample of less than 10 larvae. The environmental data from these 
pools formed the group to be compared with the environmental data of 
the sources that were positive for microsporidia. 
Spore Sizes 
Sizes of stained microsporidian spores obtained in this study are 
given in Tables 5-8, together with the standard error (S.E.) of each mean. 
Spore sizes of microsporidia from Culex tarsalis, C. restuans, C. 
salinarius, and Culiseta inornata which have been reported by other 
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Table 3. Sources of microsporidian-infected Culex tarsalis, Culex 
restuans, Culex salinarius, and Culiseta inornata larvae, 
1967-68 
Mosquito Source Data 
Culex tarsalis Woodland pool A 
Roadside ditch A 
I I  I ,  p  
" " C 
G 
Sewage treatment lagoon 
6/15/67 
6/19/67 
6/20/67 
6/21/67 
6/26/67 
8/ 2/67 
9/25/67 
Roadside pool 
Roadside pool 
Roadside ditch 
B 
F 
J 
6 
K 
L 
N 
0 
Roadside pool A 
5/24/68 
5/28/68 
7/2 /68 
7/3 /68 
7/4 /68 
M M 11 
7/8 /68 
7/18/68 
8/2 /68 
Culex restuans Roadside ditch 
Woodland pool 
Roadside ditch 
A 
B 
C 
D 
E 
B 
F 
G 
A 
F 
C 
G 
B 
1 
6/12/67 
6/13/67 
6/14/67 
6/19/67 
6/20/67 
6/21/67 
6/26/67 
6/28/67 
9/19/67 
Rubber tire, woodland pool B 5/14/68 
Roadside pool A 5/16/68 
Roadside ditch J 7/2 /68 
M 7/4 /68 
G 7/5 /68 
Q 7/11/68 
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Table 3. (Continued) 
Mosquito Source Date 
Culex salinarius Roadside ditch H 8/1 /67 
" " J 7/2 /68 
" " 0 7/5 /68 
Roadside pool A 7/18/68 
Culiseta inornata Sewage treatment lagoon 4/24/67 
Roadside pool A 5/16/68 
Tire track, woodland pool A 5/20/68 
Roadside pool B 
I t  I t  p  
5/24/68 
I I  I I  I I  
I t  I t  Q  I I  I I  I f  
Table 4. Sources of microsporidian-free Culex tarsalis, Culex restuans, 
Culex salinarius, and Culiseta inornata larvae, 1967-68 
Mosquito Source Date 
Culex tarsalis Roadside ditch J 6/12/67 
C* 6/13/67 
I f  i i  I I  t t  I f  
! l  M  ^  I Î  I I  I t  
M  I I  g  I I  I t  I t  
F* 6/14/67 
1 1  I I  Q *  I l  I I  I t  
M 6/15/67 
N* 6/23/67 
G* 7/1 /6; 
Roadside pool B 7/19/67 
Roadside ditch J* 7/28/67 
H* 8/1 /67 
I t  I I  Q Q  I I  I I  I I  
Roadside pool F 8/31/67 
Sewage treatment lagoon* 10/16/67 
The collection from this pool contained at least 10 larval 
mosquitoes of this species. 
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Table 4. (Continued) 
Mosquito Source Date 
Culex tarsal is Rubber tire, woodland pool B 
Roadside pool 
Tire track in woods* 
Pool in park 
Roadside pool A 
Tire track in woods* 
Woodland pool A 
Tire track in woods* 
Pool in woodland stream 
Roadside pool A 
Pool in vacant lot 
Roadside ditch T* 
" " U 
I t  I I  Y  
" " 
II II y 
" " Z* 
Swamp on vacant lot* 
Roadside ditch AD* 
AF* 
AG 
AH 
Pool in vacant lot* 
Roadside pool C 
Pool in vacant lot 
Roadside pool D 
C* 
A 
A 
Pool in vacant lot 
5/15/68 
5/16/68 
5/20/68 
5/24/68 
5/29/68 
6/4 /68 
6/5 /68 
6/10/68 
6/12/68 
6/20/68 
7/3 /68 
f t  t f  f t  
f t  t t  f t  
t f  f f  t t  
7/4 /68 
f t  f t  f t  
7/5 /68 
7/7 /68 
7/8 /68 
7/11/67 
7/17/67 
7/19/68 
7/23/68 
7/31/68 
8/5 /68 
8/9 /68 
8/16/68 
9/20/68 
10/4 /68 
10/22/68 
Culex restuans Roadside ditch K 
J 
11 11 1 
M 
Woodland pool A 
Roadside ditch M 
" " B 
"  "  p *  
G* 
J* 
6/12/67 
t f  f f  f f  
6/13/67 
6/15/67 
6/16/67 
6/29/67 
7/11/67 
7/28/67 
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Table 4. (Continued) 
Mosquito Source Date 
Culex restuans Rubber tire, woodland pool B 
Roadside ditch R 
Woodland pool A 
Ri:bber tire, trailer court 
Roads ide pool B* 
Pool in park* 
Roadside pool A* 
Rubber tire, woodland pool B* 
I t  f t  t r  f t  g *  
I I  I I  I t  I I  g  
Tire track in woods 
Pool in woodland stream 
I t  I I  I I  I I  *  
Roadside pool A 
Woodland pool A* 
Rubber tire, woodland pool B* 
Pool in vacant lot 
Roadside pool C 
Roadside ditch G 
II  t i  i j i  
U 
" " y* 
W 
I I  I I  Y *  
I I  "  2  
AE 
Woodland pool S* 
Rubber tire, woodland pool B 
Roadside ditch AI* 
Roadside pool A* 
C 
I I  I I  Q *  
Pool in vacant lot 
Roadside pool D* 
" C 
Pool in vacant lot* 
Roadside pool A 
9/15/67 
9/19/67 
5/17/68 
I I  I I  I I  
5/24/68 
5/28/68 
5/29/68 
5/31/68 
6/5 /68 
6/7 /68 
6/10/68 
6/12/68 
6/17/68 
6/20/68 
M  I t  I I  
6/21/68 
7/2 /68 
7/3 /68 
I I  I I  
r r  I I  
7/4 /68 
I t  I I  I I  
7/8 /68 
7/9 /68 
7/11/68 
7/18/68 
7/19/68 
7/22/68 
7/31/68 
8/5 /68 
8/9 /68 
8/14/68 
8/16/68 
10/22/68 
20 
Table 4. (Continued) 
Mosquito Source Date 
Culex salinarius Roadside ditch A 
Sewage treatment lagoon 
Roadside pool F 
Roadside ditch S 
Tire track in woods 
Pool in woodland stream 
Woodland pool A 
Pool in vacant lot 
Roadside ditch Y 
AA 
AB* 
AG 
AI 
Pool in vacant lot 
Roadside pool D 
Woodland pool A 
Pool in vacant lot 
Roadside pool A 
II " D 
Pool in vacant lot 
6/17/67 
8/2 /67 
8/31/67 
9/22/67 
6/5 /68 
6/7 /68 
6/19/68 
6/20/68 
7/4 /68 
7/5 /68 
t f  I I  n  
7/8 /68 
7/11/68 
7/17/68 
7/22/68 
7/25/68 
7/31/68 
8/2 /68 
8/5 /68 
8/14/68 
9/20/68 
Culiseta inornata Sewage treatment lagoon 
Roadside pool E 
Pool in vacant lot 
Roadside pool G 
" H 
" I 
" J 
" K 
" L 
Pasture creek 
Roadside pool B 
Roadside ditch L 
" G 
Woodland pool A 
Roadside ditch B 
" A 
" F* 
C 
N 
G 
4/22/67 
4/26/67 
5/4 /67 
I I  I I  I I  
6/13/67 
6/14/67 
6/15/67 
6/16/67 
6/17/67 
6/20/67 
6/21/67 
6/23/67 
6/26/67 
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Table 4. (Continued) 
Mosquito Source Date 
Culiseta inornata Woodland pool B* 6/28/67 
Roadside ditch E 6/29/67 
Roadside pool E 7/13/67 
Roadside pool E 7/27/67 
Roadside ditch Q 9/19/67 
Roadside pool B 4/11/68 
" B* 4/21/68 
Rubber tire, woodland pool B " " " 
Pool in park 4/29/68 
Woodland pool A* 5/17/68 
Roadside pool C* 5/2 8/68 
Pool in park " " " 
Roadside pool B* 5/29/68 
I I  I I  I I  I I  I I  
Woodland pool A* 5/30/68 
Tire track in woods* 6/4 /68 
Woodland pool A* 6/5 /68 
Pool in woodland stream 6/10/68 
Roadside pool A 6/12/68 
Woodland pool A 6/17/68 
A 6/19/68 
Pool in vacant lot 6/20/68 
Roadside ditch J 7/2 /68 
Y 7/4 /68 
AD 7/7 /68 
Roadside pool A* 7/18/68 
C 7/19/68 
A 9/20/68 
Woodland pool C " " " 
investigators are given in Table 9. Spores from Culex restuans (Table 
5) were in close agreement with the sizes reported for Stempellia magna. 
The spores of this microsporidian are the longest of any other occurring 
in insects. The distinctive, fusiform shape of its spores matches that 
of the spores obtained from Culex restuans in the present study (Figure 
lA). The spores obtained from Culex tarsal is (Table 6, Figure IB) were 
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Table 5. Sizes of microsporidian spores from Culex restuans, Iowa 
collections, 1967-68 
Collection Av. length S. E. Av. width S. E. 
no. (/u) (p) Qu) (.jx) 
172 12.38 0.393 4.31 0.173 
175 12.00 0.260 5.19 0.163 
177 12.00 0.358 4.38 0.132 
178 12.00 0.346 4.63 0.167 
181 10.81 0.336 4.25 0.182 
182 9.88 0.156 3.69 0.062 
183 11.50 0.408 4.38 0.132 
184 11.38 0.292 4.25 0.125 
188 11.63 0.267 4.69 0.168 
192 11.31 0.302 4.63 0.102 
193 10.81 0.280 4.38 0.132 
194 11.25 0.559 4.19 0.207 
195 9.63 0.338 4.13 0.138 
197 11.75 0.243 5.13 0.125 
198 12.66 0.451 4.94 0.196 
276 11.19 0.271 4.67 0.104 
307 11.19 0.441 4.44 0.196 
315 12.06 0.428 4.75 0.212 
322 11.00 0.283 4.38 0.132 
32 9 11.75 0.333 4.44 0.112 
Table 6, Sizes of microsporidian spores from Culex tarsalis, Iowa 
collections, 1967-68 
Collection Av. length S. E. Avt width S.E. 
no. (P) (P) gu) (P) 
193 6.91 0.140 4.97 0.117 
195 6.75 0.182 5.06 0.146 
221 6.91 0.182 5.00 0.104 
283 6.88 0.132 5.19 0.096 
286 7.00 0.125 5.38 0.102 
307 6.32 0.156 4.75 0.135 
308 6.38 0.156 4.94 0.063 
310 6.25 0.132 5.12 0.125 
314 6.38 0.125 4.69 0.400 
318 6.56 0.163 4.90 0.143 
322 6.56 0.192 4.75 0.167 
324 6.10 0.125 4.66 0.103 
332 5.94 0.233 4.31 0.146 
339 6.19 0.196 5.19 0.096 
Figure 1. Examples of microsporidian spores from infected larvae (1760X) 
A. Culex restuans 
B. Culex tarsal is 
C. Culex salinarius 
D. Culiseta inornata 
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nearly equal in size to those of Thelohania californica (Kellen and Lipa, 
1960). However, Kellen and Lipa (1960) reported a slightly greater 
length. It is assumed that the microsporidia infecting Culex tarsalis 
in the present study were all members of the same species, probably 
Thelohania californica. The differences in size between the spores 
from different collections were not considered great enough to suggest 
that more than one microsporidian species was present. 
The identity of the microsporidian occurring in Culex salinarius 
in the present study is uncertain. It may represent a previously un^ 
described species, or because its spores (Table 7, Figure IC) are nearly 
the same size of those reported for Thelohania californica, it may be 
this species. The spores from Culiseta inornata (Table 8, Figure ID) 
were only slightly smaller than the sizes reported by Kellen and Wills 
(1962a) for stained spores of Thelohania inimica. 
Analysis of Environmental Data 
Summaries of the environmental data obtained in collections of in­
fected and non-infected Culex tarsalis and Culex restuans larvae are 
given in Tables 10 and 11, respectively. Table 12 lists the combined data 
of all infected and non-infected mosquitoes (Culex tarsalis, C. restuans, 
C. salinarius, and Culiseta inornata). None of the differences between 
any of the means was significant. This indicates that the presence or 
absence of microsporidia in these mosquitoes is not solely dependent, 
if at all, upon the levels of these factors that occur in the field. 
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Table 7. Sizes of microsporidian spores from Culex salinarius, Iowa 
collections,1967-68 
Collection Av. length S. E. Av. width S.E. 
no. (p) (P) (P) (P) 
219 6.31 0.112 4.66 0.102 
307 6.34 0.151 4.78 0.132 
322 6.38 0.156 4.81 0.096 
332 6.63 0.146 4.94 0.146 
Table 8. Sizes of microsporidian spores from Culiseta inornata, Iowa 
collections, 1967-68 
Collection Av. length S. E. Av. width S. E. 
no. (P) (w) (P) (P) 
277 5 = 31 0 = 160 4.22 0,128 
2 81 5.13 0.182 4.06 0.104 
283 5.00 0.208 3.75 0.132 
2 m 5.25 0.187 4.12 0.140 
285 4.69 0.168 3.50 0.102 
Table 9. Reported spore sizes of microsporidia occurring in Culex restuans, Culex tarsalis, Culex 
salinarius, and Culiseta inornata 
Mosquito Microsporidian Av. size (microns)^ Condition Reported by 
of spores 
C. restuans Stempellia 11 .6 + 0.19 : X ± 0 .04 fresh Anderson (1968) 
magna 12 .4 + 0.27 : X 3.1 + 0 .06 stained 
12 .5 to 16.5 X 4.0 to 4.6 fresh Kudo (1925) 
12 .1 X 3.34 stained Wills and Beaudoin (1965) 
C. tarsalis Thelohania 8 .36 + 0.72 X 5.0 to 6.5^ fresh Kellen and Lipa (1960) 
californica 6 .55 + 0.50 X 4.3 to 5.4 stained 
tl tl 7 .93 + 0.02 X 5.11 + 0.04 fresh Kellen and Wills (1962a) 
7 .27 + 0.03 X 4.89 + 0.04 stained 
C. salinarius Thelohanis sp. 8 .68 + 0.07 X 5.87 ± 0.03 fresh Chapman, et al. (1966) 
Culiseta Thelohania 6 .48 + 0.04 X 4.41 + 0.02 fresh Chapman, et al. (1966) 
inornata inimica 
I t  f t  5 .73 + 0.06 X 3.92 + 0.04 fresh Kellen and Wills (1962a) 
5 .43 + 0.04 X 4.11 + 0.05 stained 
Unless indicated otherwise, includes standard error of the mean. 
^Includes standard deviation rather than standard error. 
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Table 10. Averages and ranges of values of environmental factors as­
sociated with microsporidian-infected and non-infected 
Culex tarsal is larvae 
Factor 
Infected Non-infected 
Difference^ Av. Range Av. Range 
PH 7. 07 6.2-•  8 . 0  7, ,18 6.5-8.3 0.11 
Temp. (°F) 82. .7 53-.99 82. ,0 68-100 0.7 
D. 0. (ppm) 6. .2 1-• 13 6. ,4 1-14 0.2 
CO2 (ppm) 38. .7 10-.90 34. ,2 15-90 4.5 
Salinity (ppm) 442, .8 200. 800 502, ,5 221-1394 59.7 
Nitrite (ppm) 4, .6 0-.25 2. 3 0-20 2.3 
Depth (inches) 4, .3 2-• 9 4. 9 2-8 0.6 
^None of the differences is significant at the 5% level. 
Table 11. Averages and ranges of values of environmental factors as­
sociated with microsporidian-infected and non-infected Culex 
restuans larvae 
Factor 
Infected Non-•infected 
Av Range Av. Range Difference 
pH 7.25 6.6-8.3 6.93 6.2-7.9 0.32 
Temp. (°F) 79.4 59-91 75.4 61-94 4.0 
D. 0. (ppm) 5.7 1-15 5.3 1-14 0.4 
COg (ppm) 33.5 5-75 45.3 15-100 11.8 
Salinity (ppm) 435.0 245-806 535.3 184-1633 100.3 
Nitrite (ppm) 1.3 0-12 2.2 0-25 0.9 
Depth (inches) 4.9 3-6 4.1 1-9 0.8 
^None of the differences is significant at the 5% level. 
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Table 12. Averages and ranges of values of environmental factors as­
sociated with tnicrosporidian-infected and non-infected 
mosquito larvae 
Infected Non-infected 
Factor Av. Range Av. Range Difference^ 
pH 7.13 6.2-8.3 7.07 6.5-8.3 0.06 
Temp. (°F) 79.0 63-99 75.3 54-100 3.7 
D. 0. (ppm) 7.9 1-40 6.1 1-14 1.8 
COg (ppm) 38.6 3-90 43.1 15-100 4.5 
Salinity (ppm) 498.1 188-1394 547.4 184-1654 49.3 
Nitrite (ppm) 3.7 0-25 3.2 0-23 0.5 
Depth (inches) 4.5 2-9 4.1 1-9 0.4 
^None of the differences is significant at the 5% level. 
Regression and correlation coefficients were determined for the 
data in Table 13 for infected Culex tarsalis and in Table 14 for infected 
Culex restuans. Data for infected Culex salinarius and Culiseta inornata 
(Table 15) were insufficient for a regression or a correlation analysis. 
The data for Culex tarsalis are presented graphically in Figures 2 (pH), 
3 (temperature), 4 (dissolved oxygen), 5 (carbon dioxide), 6 (salinity) 
and 7 (water depth). The corresponding data for Culex restuans are il­
lustrated in Figures 8-13. Nitrite data are not graphically presented 
since nearly all the values were zero. 
A "t" test (Snedecor, 1956) was conducted to determine if the 
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Table 13. Percent microsporidian-infected Culex tarsalis larvae and 
associated environmental data 
Percent Temper­ Dissolved Carbon 
infect: .or. pH ature oxygen dioxide Salinity Depth NO2 
("F) (ppm) (ppm) (ppm) (inches ) (ppm) 
1.9 7.6 85 6 15 341 3 0 
2.0 7.1 88 4 25 221 4 0 
2.6 6.9 86 2 90 735 3 0 
3.2 7.0 99 3 45 413 2 0 
3.3 6.6 91 1 35 245 5 0 
3.3 8.0 89 13 10 550 5 11 
5.4 6.2 79 10 75 800 5 25 
6.1 7.1 81 6 30 200 3 0 
7.2 6.6 82 1 55 388 4 0 
8.0 7.4 79 12 30 640 3 20 
8.3 7.3 63 11 35 525 9 8 
10.8 7.2 75 11 55 525 6 0 
11.5 7.0 77 4 15 371 4 0 
14.9 6.6 79 2 50 333 4 0 
b -0.0258 -1.3316 0.0801 0.2608 -0.5411 0.1188 0.0856 
r -0.2234 -0.6283 0.0733 0.0454 -0.0150 0.2789 0.0056 
SB 0.0324 0.4757 0.3144 1.6570 13.4468 38.0570 0.5952 
t 0.7963 2,7992® 0.2548 0.1574 0.0402 1.0060 0.1440 
a 
Significant at the 5% level. 
31 
Table 14. Percent microsporidian-infected Culex restuans larvae and 
associated environmental data 
Percent Temperature Dissolved Carbon Salinity Depth NO2 
infection pH (°F) oxygen dioxide (ppm) (inches) (ppm) 
(ppm) (ppm) 
0.8 6.6 91 1 35 245 5 0 
1.4 7.1 70 6 60 506 6 0 
2.5 6.9 88 2 50 332 6 0 
2.9 7.4 87 7 15 355 5 0 
3.0 6.6 79 2 50 333 4 0 
4.9 7.0 77 4 15 371 4 0 
5.5 7.4 85 6 15 341 3 0 
8.0 7.5 75 4 15 384 4 0 
15.8 7.5 59 15 75 806 6 12 
b 0.0509 -1.6526 0,7474 1.4650 29.1150 0. 0160 0.9007 
r 0.6072 -0.7514 0.8209 0.2932 0.7686 0. 0677 0.7965 
Sb 0.0252 0.5483 0.1964 1.8021 7.6740 0. 0892 0.2791 
t 2.0220 3.0140* 3.8050* 0.8129 3.7940* 0. 1794 3.2270* 
^Significant at the 5% level. 
Table 15. Percent microsporidian-infected Culiseta inornata larvae and 
associated environmental data 
Percent 
infection pH 
Temperature 
(°F) 
Dissolved 
oxygen 
(ppm) 
Carbon 
dioxide 
(ppm) 
Salinity 
(ppm) 
Depth 
(Inches) 
NO2 
(ppm) 
0.6 7.5 64 11 25 315 6 0 
2.8 6.8 65 5 30 696 4 0 
3.5 7.2 75 11 55 525 6 0 
5.0 6.7 73 9 60 460 5 0 
8.6 7.5 59 15 75 806 6 12 
Figure 2. Scatter-gram of pH vs. percent infection of Culex tarsal is 
(line denotes limit of pH values for a given percent in­
fection) 
Figure 3. Regression of temperature on percent infection of Culex 
tarsal is 
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Figure 4. Scatter-gram of dissolved oxygen vs. percent infection of 
Culex tarsal is 
Figure 5. Scatter-gram of carbon dioxide vs. percent infection of 
Culex tarsal is (line denotes limit of carbon dioxide for a 
given percent infection) 
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Figure 6. Scatter-gram of salinity vs. percent infection of Culex 
tarsal is (line denotes limit of salinity for a given 
percent infection) 
Figure 7. Scatter-gram of water depth vs. percent infection of 
Culex tarsal is 
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Figure 8. Regression of pH on percent infection of Culex restuans 
Figure 9. Regression of temperature on percent infection of Culex 
restuans 
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Figure 10. Regression of dissolved oxygen on percent infection of 
Culex restuans 
Figure 11. Scatter-gram of carbon dioxide vs. percent infection of 
Culex restuans (line denotes approximate limit of carbon 
dioxide for a given percent infection) 
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Figure 12. Regression of salinity on percent infection of Culex 
restuans 
Figure 13. Scatter-gram of water depth vs. percent infection of 
Culex restuans 
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regression coefficients were significantly different from zero. Non-
significance would indicate that a relationship between an environmental 
factor and the degree (percent) of microsporidian infection did not 
exist. With the Culex tarsal is data, the only regression coefficient 
that was statistically significant was for temperature (Figure 3). An 
inverse relationship appears to exist between this factor and the degree 
of microsporidian infection. The large correlation coefficient also in­
dicates that there was an association between the two variables. Al­
though the regression coefficients for pH, carbon dioxide, and salinity 
were not significant, they may have been limiting factors, nevertheless. 
The lines drawn in Figures 2, 5, and 6 indicate limits above which higher 
values of these factors for a given percent infection were not obtained. 
There were low percentages of infection at both higher and lower values 
of pH, carbon dioxide, and salinity, but only at the lower values of 
each did the higher rates of infection occur. At their lower magnitudes 
where lower percentages of infection also occurred, other factors may 
have been responsible for limiting the incidence of microsporidia. But, 
at their higher values, pH, carbon dioxide, and salinity along with tem­
perature appeared to the dominant ones in restricting percent infection. 
The regression coefficients for temperature, dissolved oxygen, 
salinity, and nitrite content were significant for the environmental data 
associated with sources of infected Culex restuans larvae. As in the 
^Regression lines are drawn only in those graphs in which the re­
gression coefficients were statistically significant. 
45 
Culex tarsal is data, the regression line for temperature had a negative 
slope (Figure 9). Salinity and pH (Figures 8 and 12) do not appear to 
be limiting factors in the same manner that they were with Culex tarsalis. 
In the case of Culex restuans, the highest values of these two factors 
were obtained in the pool which had the highest percentage of infection. 
This may represent a difference between Stempellia magna and Thelohania 
californica in the requirements for a higher degree of infectivity and 
virulence. There is an indication that carbon dioxide may be a limiting 
factor (Figure 11); however, the point occurring at 15.8% infection con­
founds this suggestion. 
In combining data for Culex tarsalis, C. restuans, and Culiseta 
inornata (Table 16), temperature was the only factor with a significant 
regression coefficient (Figure 15). Carbon dioxide (Figure 17), salinity 
(Figure 18), and pH (Figure 14) appear to be limiting factors in the same 
sense as with the Culex tarsalis data, although the boundary lines are 
not as sharply defined. 
Daily Fluctuations of the Environnental Factors in 
the Field 
At midpoint of the second season of collecting, it began to seem 
possible that the environmental factors being studied might change 
quantitatively during the day or from one day to the next. Certainly, 
temperature and, perhaps, dissolved oxygen would not be expected to 
remain stable under a changing intensity of sunlight. However, it was 
less certain that carbon dioxide, salinity, and nitrite content would 
also vary. If changes did occur, the time of day at which data were 
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Table 16. Combined environmental data for microsporidian-infected 
Culex tarsal is, Culex restuans and Culiseta inornata 
Percent Temper­ Dissolved Carbon Salinity Depth NO2 
infection pH ature oxygen dioxide (ppm) (inches) (ppm) 
(°F) (ppm) (ppm) 
0.6 7.5 64 11 25 315 6 0 
0.8 6.6 91 1 35 245 5 0 
1.4 7.1 70 6 60 506 6 0 
1.9 7.6 85 6 15 341 3 0 
2.0 7.1 88 4 25 221 4 0 
2.5 6.9 88 2 50 332 6 0 
2.6 6.9 86 2 90 735 3 0 
2.8 6.8 65 5 30 696 4 0 
2.9 7.4 87 7 15 355 5 0 
3.0 6.6 79 2 50 333 4 0 
3.2 7.0 99 3 45 413 2 0 
3.3 6.6 91 1 35 245 5 0 
3.3 8.0 89 13 10 550 5 11 
3.5 7.2 75 11 55 525 6 0 
4.9 7.0 77 4 15 371 4 0 
5.0 6.7 73 9 60 460 5 0 
5.4 6.2 79 10 75 800 5 25 
5.5 7.4 85 6 15 341 3 0 
6.1 7.1 81 6 30 200 3 0 
7.2 6.6 82 1 55 388 4 0 
8.0 7.4 79 12 30 640 3 23 
8.0 7.5 75 4 15 384 4 0 
8.3 7 = 3 63 11 35 525 9 8 
8.6 7.5 59 15 75 806 6 12 
10.8 7.2 75 11 55 525 6 0 
11.5 7.0 77 4 15 371 4 G 
14.9 6.6 79 2 50 333 4 0 
15.8 7.5 59 15 75 806 6 12 
b 7.0495 -1.0614 0.3313 1.1308 13.7190 0.0440 0 .5950 
r 0.0960 0.4464 0.3010 0.2038 0.1010 0.1240 0 .3476 
Sb 0.0201 0.4497 0.2056 1.0640 26.5080 0.0700 0 .3149 
t 0.2935 2.3600* 1.6110 1.0630 0.5180 0.6350 1 .8890 
^Significant at the 5% level. 
Figure 14. Scatter-gram of pK vs. percent infection of Culex tarsalis, 
C. restuans, and Culiseta inornata (line denotes limit of 
pH for a given percent infection) 
Figure 15. Regression of temperature on percent infection of Culex 
tarsalis, C. restuans, and Culiseta inornata 
48 
• • 
• • 
I I I I 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
PERCENT INFECTION 
100 r 
LL. 
o 
LU 
Û-
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
PERCENT INFECTION 
Figure 16. Scatter-gram o£ dissolved oxygen vs. percent infection of 
Culex tarsalis, C. restuans, and Culiseta inornata 
Figure 17. Scatter-grc.m or carbon dioxide vs. percent infection of 
Culex tarsalis, C. restuans, and Culiseta inornata (line 
denotes approximate limit of carbon dioxide for a given 
percent infection) 
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Figure 18. Scatter-gram of salinity vs. percent infection of Culex 
tarsalis, C. restuans, and Culiseta inornata (line denotes 
approximate limit of salinity for a given percent in­
fection) 
Figure 19. Scatter-gram of water depth vs. percent infection of 
Culex tarsalis, C, restuans, and Culiseta inornata 
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taken would be of great importance if meaningful comparisons are to be 
made between environmental data from different sources. Therefore, the 
following study was initiated. One permanent pool and one temporary 
pool were chosen for evaluation. Environmental measurements were made 
at 8:00 and 11:00 AM and at 2:00 and 5:00 PM, CDT, on two consecutive 
days at each pool. In addition 8:00 PM readings were taken at both pools 
on the second day and at the temporary pool on the first day. 
The data obtained are presented graphically in Figures 20-26 for 
the permanent pool and in Figures 27-31 for the temporary pool. It can 
be seen that the values were not constant throughout any given day; 
however, the curves followed a similar pattern for the two days in the 
temporary pool. In the permanent pool there was less tendency for the 
curves to be similar from one day to the next. It was cloudy the second 
day that measurements were taken at the permanent pool and so the sun­
light-related factors of temperature, dissolved oxygen, and, perhaps, 
carbon dioxide content were affected. 
Re-analysis of Environmental Data 
It appears that the time when environmental data are collected is 
important. Most of the factors in the above-mentioned permanent and 
temporary pools reached their highest or lowest magnitudes at 2:00 PM. 
However, most readings were not taken precisely at this hour, and because 
there would not have been enough values for a re-analysis of the data, 
12:00 Noon to 4:00 PM was chosen as the time limits for selecting the 
data to be included. 
Figure 20. Daily changes in pH, permanent pool, July 19-20, 1968 
Figure 21. Daily changes in temperature, permanent pool, July 19-20, 
1968 
Figure 22. Daily changes in dissolved oxygen, permanent pool, 
July 19-20, 1968 
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Figure 23. Daily changes in carbon dioxide, permanent pool, 
July 19-20, 1968 
Figure 24. Daily changes in salinity, permanent pool, July 19-20, 
1968 
Figure 25. Daily changes in nitrite content, permanent pool, 
July 19-20, 1968 
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Figure 26. Daily changes in pH, temporary pool, July 24-25, 1968 
Figure 27. Daily changes in temperature, temporary pool, July 24-25, 
1968 
Figure 28. Daily changes in dissolved oxygen, temporary pool, July 
24-25, 1968 
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Figure 2 9. Daily changes in carbon dioxide, temporary pool, July 24. 
25, 1968 
Figure 30. Daily changes in salinity, temporary pool, July 24-25, 
1968 
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The results comparing negative and positive collections in the re-
analysis of the environmental data are summarized in Table 17. There 
were no significant differences between the means for the positive and 
negative collections indicating, as before, that the presence or absence 
of microsporidia in these mosquito larval hosts were act solely dependent 
on the levels of these environmental factors in the field. 
Regression and correlation coefficients were determined for the data 
from microsporidian-positive collections. The results are summarized 
in Table 18. The "t" tests for significance of the regression coeffi­
cients yielded the same results as those previously summarized in Tables 
13, 14, and 16 for C. tarsalis, C. restuans, and combined species, re­
spectively. Temperature was the only factor with a statistically sig­
nificant regression coefficient in all three sets of data. It was the 
only factor that was significant in the C. tarsalis and combined species 
data. With the C. restuans data, dissolved oxygen, salinity, and nitrite, 
as well as temperature had regression coefficients significantly greater 
than zero. 
Fluctuation of Environmental Factors in the Laboratory 
In addition to changes that occur in the field, the extent to which 
water samples may change in the laboratory is also relevant. The data 
in Table 19 indicate the time that elapsed from the date of collection 
until mortality from a microsporidian infection occurred. A larva may 
have been subjected to the laboratory conditions for a longer time period 
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Table 17. Summary of environmental data from collections made be­
tween 12:00 Noon and 4:00 PM CDT, 1967-68 
Infected Non-infected Differ-
Mosquito Factor Av. Range Av. Range ence^ 
Culex PH 7.03 6.2-8.0 7.24 6.8-8.3 0.21 
tarsalis Temp. (°F) 82.0 63-99 83.0 67-100 1.0 
D. 0. (ppm) 6.3 1-13 6.9 1-14 0.6 
CO2 (ppm) 42.5 10-90 29.6 5-80 12.9 
Salinity (ppm) 488.8 245-800 510.7 292-1394 21.9 
Nitrite (ppm) 2.7 0-25 5.2 2-8 0.8 
Depth (inches) 4.4 2-9 1.3 0-20 1.4 
Culex pH 7.14 6.6-7.6 6.97 6.2-7.9 0.17 
restuans Temp. (°F) 80.1 59-91 78.1 54-94 2.0 
D. 0. (ppm) 5.1 1-15 5.4 1-14 0.3 
CO2 (ppm) 33.8 15-75 42.9 5-100 9.1 
Salinity (ppm) 395.9 245-806 508.9 191-1633 113.0 
Nitrite (ppm) 0.6 0-12 2.2 0-25 0.2 
Depth (inches) 4.6 3-6 4.4 1-9 1.6 
Combined pH 7.09 6.2-8.0 7.15 6.5-8.0 0.06 
data Temp. (°F) 78.7 59-99 79.2 54-94 0.5 
D. 0. (ppm) 6.8 1-15 6.3 1-14 0.5 
CO2 (ppm) 41.1 10-90 34.7 5-85 5.4 
Salinity (ppm) 484.9 245-806 557.0 191-1654 72.1 
Nitrite (ppm) 1.9 0-25 1.2 0-19 0.7 
Depth (inches) 4.6 2-9 4.7 2-8 0.1 
a 
None of the differences is significant. 
than to field conditions. The laboratory environment may have had a 
greater influence on the observed rate of microsporidian infection in 
a collection of mosquito larvae. Water samples from four sources were 
analyzed daily for a period of 15 days from the time of collection. With 
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Table 18. Summary of statistical analyses of environmental data as­
sociated with microsporidian-infected mosquito larvae from 
collections made between 12:00 Noon and 4:00 PM CDT, 1967-68 
Mosquito Sta­ PH Temp. D. 0. C
M 
8
 Salin­ Depth NO2 
tistic ity 
C. tarsalis b 0.027 -1.339 0.035 -0.123 -6.699 0.121 -0.031 
r 0.223 -0.612 0.031 -0.021 0.170 0.273 -•0.014 
% 0.037 0.547 0.359 1.856 12.854 0.128 0.694 
t 0.724 2.447* 0.098 0.066 0.521 0.942 0.044 
C. restuans b 0.025 -2.037 0.836 2.202 34.328 0.019 0.901 
r 0.287 -0.939 0.881 0.456 0.949 0.285 0.796 
Sb 0.034 0.302 0.183 1.752 4.630 0.067 0.279 
t 0.734 6.737* 4.569^ 1.257 7.414a 0.7282* 3.227 
Combined b 0.008 -1.148 0.352 2.193-27.349 0.081 0.462 
data r 0.072 -0.451 0.307 0.373 -0.204 0.224 0.261 
Sb 0.022 0.461 0.223 1.115 26.794 0.072 0.414 
t 0.354 2.557a 1.580 1.967 1.021 1.123 1.116 
a 
Significant at the 5% level. 
temperature constant, at 80°Fj the factors analyzed were pH, dissolved 
oxygen, carbon dioxide, nitrite, and salinity. The equipment used was 
the same as that for the field determinations, except that a modified 
Winkler analysis^ was used to measure dissolved oxygen content. 
The results are illustrated in Figures 31-50. The pH readings 
varied widely from day to day in the pan from each collection source 
and rose sharply from Day 0 to Day 1. The fluctuations are to be ex­
pected in a poorly buffered solution such as pond water. Average pH in 
The procedure for this analysis is given in Appendix B. 
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Table 19. Time interval in days from date of collection until mortality 
from microsporidian infection 
Mosquito Average Range No. collections 
Culex restuans 4.9 0-17 53 
Culex tarsal is 11.1 1-17 28 
Culex salinarius 8.5 0-15 4 
Culiseta inornata 12.1 4-23 12 
each pan was only slightly higher than the pH at Day 0, the day of 
collection. None of the regression lines are significantly different 
from a line with zero slope. 
Dissolved oxygen content remained stable in two of the four pans, 
increased a moderate degree in a third, but increase'! sharply in the 
fourth pan. 
Carbon dioxide content dropped rapidly from Day 0 to Day 1 in two 
pans (75 ppm to 10 and 5 ppm). In a third pan the drop was not as severe 
(from 2 5 to 10 ppm). In the fourth pan the Day 0 and Day 1 readings 
were equal (25 ppm). Although CO2 content declined rapidly from the 
reading at Day 0, it remained stable from Day 1 to Day 15 in every pan. 
The salinity values were very stable in three pans and fluctuated 
only to a moderate degree in the fourth. Although two of the pans had 
regression coefficients that were significantly greater than zero, the 
overall change in salinity was not very great. 
Fi''are 31. Laboracory changes ia pH, pool i 
Figure 32. Laboratory changes in pH, pool 2 
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Figure 33. Laboratory changes in pH, pool 3 
Figure 34. Laboratory changes in pH, pool 4 
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Figure 35. Laboratory changes in dissolved oxygen, pool 1 
Figure 36. Laboratory changes in dissolved oxygen, pool 2 
71 
40 
_ 36 
32 
28 
E 
CL 
CL 
O 24 
g 20 
o 
LU 
O 
en 
(/) 
16 
12 
8 
0 I I 1 I J_L 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
DAYS AFTER COLLECTION 
40 
_ 36 
32 
28 
24 
20 
16 
12 
8 
4 
0 
9 
I I • ' 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
DAYS AFTER COLLECTION 
Figure 37. Laboratory changes in dissolved oxygen, pool 
Figure 38. Laboratory changes in dissolved oxygen, poo 
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Figure 39. Laboratory changés in carbon dioxide, pool 1 
Figure 40. Laboratory cliaiiges in carbon dioxide, pool 2 
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Figure 41. Laboratory changes in carbon dioxide, pool 3 
Figure 42. Laboratory changes in carbon dioxide, pool 4 
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Figure 43. Laboratory changes in salinity, pool 1 
Figure 44. Laboratory changes in salinity, pool 2 (values for 
Days 6-9 not obtained due to malfunction in equip­
ment) 
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Figure 45. Laboratory changes in salinity, pool 3 
Figure 46. Laboratory changes in salinity, pool 4 
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Figure 47. Laboratory changes in nitrite content, pool 1 
Figure 48. Laboratory changes in nitrite content, pool 2 
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Figure 49. Laboratory changes in nitrite content, pool 3 
Figure 50. Laboratory changes in nitrite content, pool 4 
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There were extreme changes in nitrite content in each of the four 
pans. Nitrite content remained stationary from Day 0 until at least 
Day 5, but then it increased gradually in all pans to the end of the 15-
day test period. 
The above results indicate that pH and salinity are the only fac­
tors remaining stable under the laboratory conditions imposed in this 
test. Dissolved oxygen and carbon dioxide may or may not change sig­
nificantly whereas nitrite content appeared to be the only factor that 
consistently increased to high levels. 
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DISCUSSION 
Several possibilities exist for the general manner by which an 
environmental factor might influence the incidence of microsporidian in­
fections in mosquito larvae. 1. There might be an effect upon the 
spores which might either increase or decrease their infectivity. 2. There 
might be an effect upon the developmental stages within the host which could 
increase their virulence. 3. The environment might impose a stress upon 
a potential host which would cause it to be more susceptible to the disease. 
These, of course, are possibilities for the association between many 
organisms, their disease pathogens, and the environment in which they 
exist. Steinhaus (1960) gives a discussion on this subject. He defined 
environmental factors that influence the pathogenicity of a disease 
organism as being either "stressors" or "incitants". A stressor is any 
factor which tends to disrupt the homeostasis of an animal to such a degree 
that the animal becomes more susceptible to a disease. An incitant is any 
factor which activates pathogens so they become capable of initiating a 
disease within a susceptible host. According to Steinhaus, the same factor 
may be either a stressor or an incitant. 
In the present study, temperature had an apparent direct, regu­
latory effect upon the incidence of microsporidia in larvae of Culex tarsalis 
and Culex restuans. A similar effect on the occurrence of the microsporidi­
an, Thelohania corethrae, in larvae of the Clear Lake gnat, Chaoborus 
astictopus, was reported by Sikorowski and Madison (1968). In that study, 
the highest percentage of larvae with apparent infections came from an 
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overwintering population when the pond-water temperature was low. It was 
suggested that the larvae then were exposed to spores of the pathogen for 
a longer period of time, since growth was retarded by the lower temperatures. 
Transovarian transmission was regarded as being important in perpetuating 
the parasite during the summer months when the life cycle of the gnat was 
completed in a relatively short time. Quite possibly, transovarian trans­
mission remains at a constant level throughout the breeding season of the 
host and then, in the spring, increased exposure to the spores might result 
in higher rates of infection. 
In the present study, with a few exceptions, the collections of 
mosquito larvae with the highest percentages of microsporidian infection 
were those made early in the season (Table 20), when cooler temperatures 
would prevail. 
It is noteworthy that i^ 1967, when the heavy rains came in early 
June, seven out of 12 (58%) of the roadside ditches were positive for 
Stempellia magna. In 1968, the roadside ditches were flooded in early 
July. During this month, there were four pools out of 13 (31%) that 
were positive for _S= magna. In considering the collections from all the 
pools in June, 1967, against the collections in July, 1967, the ratio 
is 50% to 21%. In the collections of Culex tarsalis larvae, of the 
roadside ditches sampled in June, 1967, were positive for microsporidia 
(four of nine pools). The same percentage of roadside ditches contained in­
fected Culex tarsalis in July, 1968 (eight of 18 pools). However, when 
collections of Culex tarsalis in June, 1967, are compared against collections 
from all sources in July, 1968, the ratio is 56% (five of nine pools) to 
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Table 20. Collection dates and associated percentage microsporidian 
infection 
Mosquito Date of collection Percent infection 
Culex tarsalis 8/2 /68 3.31 
8/2 /68 8.00 
7/18/68 5.40 
7/8/^,8 ^^5 
7/5 /68 3.30 
7/5 /68 7.20 
7/4/%# 2.00 
7/3 /68 6.14 
7/2 /68 2.55 
7/2 /68 14.90 
6/20/68  11 .53  
6/17/68 1.92 
5/28/68 8.30 
5/24/68 10.80 
Culex restuans 7/11/68 1.40 
7/5 /%i8 ^78 
7/4 /68 2.54 
7/2 /68 3.06 
6/21/67 2.86 
6/2 0/68 4.94 
6/17/68 5.48 
6/17/68 8.00 
5/16/68 15.79 
Culesita inornata 5/24/68 0.64 
5/24/68 3.48 
5/24/68 5.03 
5/20/68 2.81 
5/16/68 8.64 
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36% (eight o£ 22 pools). 
It is possible, in the present study, that the lower temperatures 
may have sufficiently reduced the larval growth rate to increase the 
probability of spore ingestion. In this regard temperature would best 
be categorized, according to Steinhaus' definitions, as a stressor. Whether 
or not temperature was also functioning as an incitant is not as easily 
perceived. No doubt temperature does bear an influence upon development 
of the parasite in vivo. If lower water temperatures do, indeed, favor an 
increased rate of infection, then, perhaps, the optimum temperature for 
development of the microsporidian is lower than the optimum temperature 
for the most rapid development of the host. Such a mechanism would be 
beneficial to the parasite by allowing its life cycle to be completed at a 
time when the host might be less able to withstand the infection. 
The question of an incitant role for temperature might best be answered 
by laboratory studies in which infected larvae could be reared at different 
temperatures. Larvae from a known source of microsporidia could be brought 
into the laboratory as early instars and reared in microsporian-free water. 
Any effect upon the developmental stages of the parasite could be measured 
in terms of larval mortality. The influence of temperature, if any, on 
the infectivity of the spores would not be as easily determined because of 
the inability thus far to obtain laboratory infections via spore ingestion. 
Although the mosquitoes were removed from the influence of the natural 
environment and brought into an artificial situation, it is believed that 
temperature in the field would still have been a dominant factor in producing 
the observed levels of infection. Most of the larvae were collected as, at 
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least, third instars. Prior to collection there should have been sufficient 
time to acquire an infection by ingestion of spores. It is possible, of 
course, that any incitant factors in the laboratory might have masked the 
true effects from the natural environmental factors. 
With Culex tarsalis, carbon dioxide content, pH, and salinity, at 
their higher magnitudes, appeared to be limiting factors. At their lower 
concentrations, other factors were apparently reducing the percent in­
fection in some pools. If carbon dioxide, pH, and salinity were tested 
separately in controlled laboratory tests, a straight-line relationship of 
each with percent infection might be demonstrated. In addition, some in­
sights into the mechanisms involved in the apparent relationship in the 
present study might be gained. A straight-line relationship was observed 
between percent infection and salinity, dissolved oxygen, and nitrite con­
tent of the pools containing infected Culex restuans. The significant re­
gression coefficient for nitrite content is based solely on one value which 
may or may not have been principally responsible for the high percent in­
fection. The higher concentrations of salinity were associated with the 
higher degrees of infection--an opposite effect of that observed in Culex 
tarsalis. 
Salinity and pH remained fairly stable from the time of their initial 
measurement in the field through the duration of the water samples in the 
laboratory. There were fluctuations in pH; however, the average of all the 
values was only slightly higher than the initial reading taken in the field. 
Carbon dioxide, along with dissolved oxygen content and nitrite content, 
changed significantly from the measurements obtained in the field. 
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Possible overcrowding of the larvae in laboratory pans as a stress 
factor should not be overlooked. A summary of the comparisons between 
total number of larvae per pan and the percent microsporidian infection is 
given in Table 21. With Culex tarsalis there was no evidence that a rela­
tionship existed. However, with Culex restuans there was a relatively 
large, negative correlation coefficient. This indicates that a greater 
larval density in the pans was associated with a lower incidence of micro-
sporidia. This is the opposite of what would be expected if the larvae 
were overcrowded. 
It should be noted that percent infection as referred to in this study 
is, in reality, percent lethal infection. Actual percent infection would 
probably be at some higher value because of the likely existence of sub­
lethal infections in this study. Such is the case when mosquitoes transmit 
microsporidian infections transovarially. Percent lethal infection is of 
more interest, however, from a standpoint of biological control. The in­
cidence of microsporidia was Lypically low and agrees with the reports of 
many other investigators. Unfortunately, no epizootics were encountered 
which would have offered an opportunity to investigate the factors that 
might be involved. 
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Table 21. Comparison of total number of larvae par pan with the percent 
microsporidian infection of Culex tarsalis and Culex restuans 
Mosquito No. larvae/pan Percent infection 
Culex tarsalis 197 1.9 
89 2.0 
8 2  2 . 6  
78 3.2 
255 3.3 
136 3.3 
123 5.4 
8 1  6 . 1  
104 7.2 
192 8.0 
105 8.3 
94 10.8 
225 11.5 
173 14.9 
r = 0.1880 
Culex restuans 255 0.8 
233 1.4 
133 2.5 
115 3.1 
173 4.9 
197 5.5 
64 8.0 
125 15.8 
r = -0.4981 
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SUMMARY 
The importance of environmental factors in insect pathology has been 
noted by numerous authors including Steinhaus (1960), Ignoffo (1962), 
Tanada (1963), and Hurpin (1968). Although the existence of microsporidia 
in mosquitoes has been known for nearly seventy years, quantitative studies 
on the effects of environmental factors on the host-parasite relationship 
are lacking. The present study was conducted to determine if certain 
chemical and physical factors were responsible for the levels of microsporid-
ian infection observed in natural populations of mosquito larvae. 
Temperature appeared to have a direct influence on the incidence of 
microsporidia in larvae of Culex tarsal is and Culex restuans. A possible 
explanation for this regulatory effect is that the lower temperatures re­
duced larval growth rate and thereby increased the chance for ingestion of 
infective spores. It is possible also that low temperatures are optimum 
for the developmental stages of the parasite. 
If drying the spores is a necessary prerequisite to their being in­
fective, as suggested by Kellen (1962), then the lower temperatures plus the 
occurrence of susceptible mosquitoes in temporary pools at the time of ini­
tial flooding in the spring should combine to produce the highest levels 
of microsporidian infections of the season. 
Salinity, pH, dissolved oxygen and carbon dioxide content appeared to 
be factors which could also limit the percentage of infection. The relation­
ship of these factors to percent infection was not consistent between Culex 
tarsalis and Culex restuans and may represent basic differences between 
their respective microsporidian parasites in the requirements for 
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infectivity and virulence. Laboratory studies are needed for further clari­
fication of these relationships and to gain additional insights into the 
mechanisms involved in increasing mortality rates of mosquito larvae from 
microsporidian infections. 
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APPENDIX A 
Tabic 22. Reported sources of microsporidian-infected mosquito larvae 
Microsporidian Mosquito Source Reported by 
S tempeIlia mag na Culex restuans Boat bottom Anderson (1968) 
Aedes sierrensis Tree hole Clark and Fukuda (1967) 
Culex pi 1osus Flooded road­
side ditches 
Hazard and Savage (197 0) 
Culex pipiens Old boat filled with 
rainwater 
Kudo (1925) 
Culex 
Culex 
restuans 
pipiens 
Temporary pools Kudo (1962) 
Culex restuans Ditch with leaves Wills and Beaudoin (1965) 
Thelohania benigna Culex apicalis Rock pools along 
mountain streams 
Kellen and Wills (1962a) 
Thelohania bolinasae Aedes squamiger Rain pool in tidal 
flat 
Kellen and Wills (1962$) 
Thelohania californica Culex tarsal is Hoofprint in irri­
gated pasture 
Intermittent pools 
in irrigated pastures 
Kellen and Lipa (1960) 
Kellen and Wills (1962a) 
Thelohania campbel1i Culiseta incidens Ground pools and 
flooded areas adja­
cent to intermit­
tent streams 
Kellen and Wills (1962a) 
Thelohania gigantea Culex erythrothorax Margin of artifi­
cially flooded pond 
Kellen and Wills (1962 a) 
Table 22. (Continued) 
Microsporidian Mosquito Source Reported by 
Thelohania inimica Culiseta inornata Ground pools, irrigated Kellen and Wills (1962a) 
pastures, runoff ditches 
from rice fields 
Aedes canadensis Cypress swamp Bailey, Barnes, and Dewey 
(1967) 
Thelohania inimica 
canadens is 
Aedes canadensis Snow pool Wills and Beaudoin (1965) 
Thelohania legeri Anopheles puncti-
pennis 
Concrete basins Kudo (1962) 
Woodland pools Anderson (1968) 
Thelohania noxia Culex thriambus Polluted rock pool Kellen and Wills (1962a) 
Thelohania near opacita Aedes stimulan.s Woodland pools Anderson (1968) 
Aedes cantator 
Aedes excrucians 
Aedes abserratus 
Aedes canadensis 
Aedes cinereus 
Salt marsh pools 
Woodland pools 
Thelohania opacita Culex territans 
Thelohania periculosa Anopheles 
pseudopunctipennis 
Algae borders of 
mountain streams 
Kellen and Wills (1962a) 
Ttielohania unica Aedes melanimon Overflow pool from 
trough 
Kellen and Wills (1962a) 
Plistophora caecorum Culiseta inornata Salt marsh pools Chapman and Kellen (1967) 
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APPENDIX B 
1 
PROCEDURE FOR MODIFIED WINKLER ANALYSIS OF DISSOLVED OXYGEN 
1. With a 2-ml hypodermic syringe, a 1,5-ml sample of the water to be 
analyzed is drawn making certain that no air bubbles are present. 
2. The needle is removed from the syringe. 
3. A 0.1-ml sample of manganous sulfate solution is drawn followed by 0.1 
ml of alkaline iodide solution. 
4. The syringe is then shaken and the resultant floe is allowed to settle 
for 10 minutes. 
5. A 0.1-ml sample of concentrated sulfuric acid is drawn. 
6. The syringe is shaken and the floe is allowed to dissolve for 5-10 
minutes. 
7. The solution is then ejected into a small beaker. Titration is done 
with a 0.025N sodium thiosulfate solution. End point is reached when 
the yellow color disappears. 
8. Parts per million oxygen = 200 X ml of 0.025N sodium thiosulfate . 
1.5 
1 
Redmond, James, Dept. of Zoology ami Entomology, Iowa State University, 
Ames, Iowa. Modified Winkler analysis of dissolved oxygen. Private com­
munication. 1966. 
